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Objective: This study compared the effectiveness of Er:YAG laser-activated irrigation (PIPS), passive ultrasonic irrigation (PUI) with EndoUltra and standard needle irrigation 
(SNI) in the removal of calcium hydroxide [Ca(OH)2] from the mesial roots of Weine Type 
II mandibular molars. Material and Methods: Thirty mandibular molars were screened by 
μCT for the presence of mesial roots with complex intra-canal anatomy and a common 
DSLFDOIRUDPHQ7KHWHHWKZHUHHQODUJHGWRDVWDQGDUGL]HGSUHSDUDWLRQDQG¿OOHG
with Ca(OH)2 paste. Specimens were divided into three groups (n=10) according to the 
technique used for Ca(OH)2 removal: PIPS, at 15 Hz and 20 mJ using a 9 mm long, 600 μm 
diameter tip; PUI using a 15/.02 tip; and SNI (30 Ga. side-vented needle). Equal volumes 
of 8.25% NaOCl and 17% EDTA were used in all groups. μCT was used to measure the 
initial amount of Ca(OH)2 present and to assess the residual volume of Ca(OH)2 following 
each irrigation protocol. Data were analyzed using Tukey HSD and Kruskal-Wallis tests 
(D=5%). Results: The mean volume of Ca(OH)2EHIRUHUHPRYDOZDVVLJQL¿FDQWO\KLJKHU
in the coronal third than in the middle and apical third (p<0.001). Ca(OH)2 was similarly 
removed from the coronal and middle thirds with the three methods used (p>0.05). PIPS 
PHGLDQ ,45VKRZHGVLJQL¿FDQWKLJKHU&D2+2 removal in the apical third 
than PUI (median 100%, IQR: 85-100) and SNI (median 47%; IQR: 16-72) (p<0.001). 
Conclusions: PIPS laser-activation was more effective for the removal of Ca(OH)2 from PHVLDOURRWVRIPDQGLEXODUPRODUVZLWK:HLQH7\SH,,FDQDOFRQ¿JXUDWLRQVWKDQ38,ZLWK
EndoUltra and SNI.
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INTRODUCTION
Intracanal medicaments have been used to 
further reduce the bacterial load of the root canal 
system that chemomechanical debridement may 
not remove20. Among these, calcium hydroxide 
[Ca(OH)2] has been the most widely accepted 
intracanal medicament because of its high pH (12.5) 
DQGLWVDELOLW\WRVLJQL¿FDQWO\UHGXFHWKHELREXUGHQ
and endodotoxin concentrations in teeth with apical 
periodontitis1,25. Concerns have been raised about 
the potential interactions of the remaining Ca(OH)2 
and endodontic sealers. Margelos, et al.19 (1997) 
demonstrated incomplete setting and increased 
brittleness of zinc oxide-eugenol based sealers. 
Barbizam, et al.3 (2008) reported diminished 
adhesion of Epiphany sealer to root canal walls. 
Kim and Kim11 (2002) reported that the potential 
for Ca(OH)2WRGLVVROYHLQZDWHUFRXOGLQÀXHQFHWKH
long term leakage of root canal obturation. Hence, 
prior to obturation, intracanal medicaments must 
be removed from the root canal system to allow the 
penetration of root canal sealer into canal intricacies 
and dentinal tubules leading to a hermetic seal15.
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Different techniques have been proposed for the 
removal of Ca(OH)2 from the root canal system, 
including a combination of irrigating solutions 
and devices6,18,23. The most frequently described 
technique includes a combination of irrigation 
DQG UHFDSLWXODWLRQ RI WKHPDVWHU DSLFDO ¿OH23. In 
this instance, only the Ca(OH)2 in the main canal ZLOO EHGLVUXSWHGZLWK WKH¿OHZKLOHSHUVLVWLQJ LQ
system extensions or irregularities relying entirely 
on irrigation for the removal of Ca(OH)2 from these 
regions. While some investigators have shown a 
combination of ethylenediaminetetraacetic acid 
(EDTA) and sodium hypochlorite (NaOCl) irrigants 
completely remove Ca(OH)2 from single systems6, 
others report that complete removal of medicaments 
from such teeth is unlikely7. Furthermore, they 
suggest depth of needle penetration plays a 
VLJQL¿FDQWUROHLQWKHUHPRYDOSURFHVV7.
The effectiveness of irrigation depends on the 
chemical action of the irrigant and the ability to bring 
the irrigant in contact with the complex structures 
within the root canal system22,26. Energizing irrigants 
with activated devices has been used to enhance 
fluid interchange when compared with needle 
irrigation. Passive ultrasonics have demonstrated 
enhanced irrigation through the creation of eddy 
currents and microstreaming along the instrument 
shaft and improved Ca(OH)2 removal2,18. A recent 
study evaluated the effect of the GentleWave 
system (Sonendo Inc, Laguna Hills, California, USA) 
in the removal of Ca(OH)2 from mandibular molars 
with two separate mesial canals18. The investigators 
found that this treatment was able to render 
mesial canals free of Ca(OH)2 when compared with 
passive ultrasonic irrigation (PUI) and standard 
needle irrigation (SNI). Although this system shows 
encouraging results, there are drawbacks to its 
FOLQLFDO XVH LQFOXGLQJ WKH GLI¿FXOW\ LQ DWWDFKLQJ
a customized disposable handpiece to individual 
teeth for stabilization creating a closed system 
for delivery of the multisonic stream of irrigants. 
Promising results for the removal of Ca(OH)2 
have also been shown using an Erbium:Yttrium-
Aluminum-Garnet (Er:YAG) laser coupled with a 
short radial-stripped tip in a technique known as 
photon-induced photoacoustic streaming (PIPS; 
Fidelis; Fotona, Ljubljana, Slovenia). Arslan, et 
al.2 (2015) demonstrated that PIPS irrigation 
provided complete removal of Ca(OH)2 IURPDUWL¿FLDO
grooves in single-rooted teeth when compared with 
ultrasonic, sonic, and SNI techniques, which did not.
Multiple investigations have examined Ca(OH)2 
removal from non-complex single-rooted teeth 
that may present misleading information not 
representative of the complex anatomy encountered 
by endodontists2,6,23. Recent microcomputed 
tomographic (μCT) studies on the anatomical 
complexities of the mesial roots of mandibular 
molars have shown a prevalence of isthmuses of 
approximately 80% between 3-6 mm from the 
apex9,26. These anatomical structures can retain 
debris from instrumentation8,21; microbes5; and 
Ca(OH)217,18.
The use of μCT imaging to volumetrically 
assess the removal of Ca(OH)2 allows for a three 
dimensional quantitative evaluation based on 
gray values with higher sensitivity than sectioning 
techniques28. The purpose of this study was to use 
ǋ&7LPDJLQJWRDVVHVVWKHHI¿FLHQF\RI3,36ODVHU
activated irrigation, a PUI with EndoUltra and SNI 
in the removal of Ca(OH)2 from the mesial roots 
of Weine Type II mandibular molars with complex 
anatomy.
MATERIAL AND METHODS
Tooth selection followed protocol approval from 
an Institutional Review Board with no patient health 
LGHQWL¿HUV DVVRFLDWHGZLWK WKH REWDLQHG VDPSOHV
(14-03540-XM). Mandibular molars were screened 
for the presence of isthmuses and Weine Type II 
FDQDO FRQ¿JXUDWLRQV WZR RUL¿FHV  WZR FDQDOV 
one apical foramen) using a high-resolution μCT 
scanning system (ACTIS BIR 150/130, Varian 
Medical Systems, Palo Alto, California, USA). The 
images were acquired at 75 kV and 100 μA through 
360° of rotation around the vertical axis resulting 
in a cross-sectional pixel size of approximately 
30 μm. Each backscatter projection had a 16-bit 
addressable 1,024×1,024 area and was used to 
create a volume-rendered representation (VG Studio 
Max 2.3; Volume Graphics GmbH, Heidelberg, 
Germany). Thirty teeth were selected and the distal 
root of each sample was sectioned with a diamond 
GLVFMXVWEHORZWKHRUL¿FHDQGVHDOHGZLWKXQ¿OOHG
resin. Samples were individually mounted in a 
7HÀRQPROGWRDOORZSUHFLVHSRVLWLRQLQJLQDMLJRQ
the μCT stage.
All endodontic procedures were performed under 
WKHFOLQLFDOPLFURVFRSHDWîPDJQL¿FDWLRQ230,
Pico, Carl Zeiss Meditec Inc., Jena, Germany) by 
D ERDUGFHUWL¿HG HQGRGRQWLVW ZLWK  \HDUV RI
clinical experience. Canals were instrumented in 
D &URZQ'RZQPDQQHU EULHÀ\ GRZQ WR
Gates-Glidden drills (Dentsply Maillefer, Ballaigues, 
Switzerland), followed by 25/.12 and 25/.10 K3 
2UL¿FH2SHQHUV6\EURQ(QGR2UDQJH&DOLIRUQLD
86$DQGE\DQG3UR¿OH
Vortex (Dentsply Tulsa Dental Specialties, Tulsa, 
Oklahoma, USA) instruments. The apical preparation 
was standardized to a 25/.06 at 0.5 mm from the 
DSLFDO IRUDPHQ DQG DSLFDO SDWHQF\ZDV YHUL¿HG
ZLWK D .¿OH 3RVWLQVWUXPHQWDWLRQ LUULJDWLRQ
was performed with alternating 8.25% NaOCl (The 
Clorox Co, Oakland, California, USA) and 17% EDTA 
(Roth Drug Co, Chicago, Illinois, USA) with PIPS 
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laser-activated irrigation at a wavelength of 2,940 
nm in 30 s exposure intervals at 15 Hz and 20 mJ. 
A 9 mm long, 600 μm diameter quartz tip, with the 
polyamide tip stripped back 3 mm was used. All 
samples were dried with sterile paper points and a 
premixed calcium hydroxide/barium sulfate paste 
(Ultracal XS, Ultradent Products Inc, South Jordan, 
Utah, USA) was injected into the mesial canals using 
D*D1DYL7LS8OWUDGHQW$/HQWXORVSLUDO¿OOHU
0LOWH[<RUN3D86$ZDVXVHGPPVKRUW
of the binding point in a slow-speed handpiece until 
Ca(OH)2 was visualized at the apical foramen27. A FRWWRQSHOOHWZDVSODFHGRQWKHÀRRURI WKHSXOS
chamber and the access cavity was sealed (Cavit, 
3M ESPE, Seefeld, Germany). A proximal radiograph 
ZDVWDNHQWRFRQ¿UPWKHLQWUDFDQDO&D2+2 length 
and density. The apices of all specimens were sealed 
with sticky wax. The specimens were stored at 37°C 
in 100% humidity for seven days and a second μCT 
scan was performed to quantify the percentage 
volume of Ca(OH)2 occupying the root canal system.
The specimens were accessed again and a 
VL]H)OH[2¿OH'HQWVSO\0DLOOHIHU%DOODLJXHV
Switzerland) along with 3 mL of NaOCl was inserted 
into each canal for the working length to loosen the 
Ca(OH)214,23. The specimens were then randomly 
distributed into three experimental groups (n=10):
Group 1
Laser-activated irrigation using an Er:YAG laser 
and a PIPS tip was performed according to the 
manufacturer’s instructions. The tip was placed 
into the access cavity only and activated with each 
of the following irrigating solutions as they were 
introduced into the chamber with a 28 Ga side-
vented irrigation needle:
Step 1: Three 30 s cycles of 6 mL/interval of 
8.25% NaOCl interrupted by a 30 s wait between 
each cycle
Step 2: 30 s cycle of 6 mL of water
Step 3: 30 s cycle of 6 mL of 17% EDTA
Step 4: 30 s cycle of 6 mL of water
Group 2
The PUI with EndoUltra protocol was the same 
as for PIPS following the steps previously described. 
However, PUI was delivered using nickel-titanium 
activator tips (15/.02) in a cordless ultrasonic 
handpiece (EndoUltra, Vista, Racine, Wisconsin, 
USA) and activated as far apically as achievable 
without binding in 2 mm amplitude motions.
Group 3
SNI was conducted with a 30 Ga side-vented 
needle delivering 18 mL of 8.25% NaOCl over a 
period of 90 s at a distance of 2 mm close to the 
working length with 2 mm amplitude movements, 
followed by 6 mL of water, 6 mL of 17% EDTA 
GHOLYHUHGRYHUVDQGD¿QDOULQVHRIP/RI
water.
The total volume of irrigation was the same in 
all experimental groups.
$ ILQDO ǋ&7 VFDQ ZDV SHUIRUPHG IROORZLQJ
irrigation. Three-dimensional (3D) volumes were 
automatically generated from thresholding and 
region growing based on grey values, separating 
Ca(OH)2 from dentin. The unchanged outer root VXUIDFH RI WKH VHFRQG DQG ¿QDO VFDQV DOORZHG
precision alignment of both overlaid 3D datasets 
to subvoxel accuracy (VG Studio Max 2.3, Volume 
Graphics GmbH, Heidelberg, Germany). Total 
Ca(OH)2 volume from each specimen was derived IURP RSDTXH EULJKW YR[HOVZLWKLQ WKH FRQ¿QHV
of the radiopaque canal walls. Each specimen was 
PHDVXUHGIURPDSLFDOIRUDPHQWRRUL¿FHDQGHTXDOO\
divided into coronal, middle, and apical thirds. 
Regions of interest for each third were created 
based on slice position and volumes recorded.
The images were qualitatively evaluated 
in a double-blind manner by two independent 
precalibrated evaluators to classify the removal of 
Ca(OH)2 from the isthmus area. A four-level score 
system was employed:
1= Clean isthmus, no Ca(OH)2.
2= Clusters of Ca(OH)2 ILOOLQJ  RI WKH
volume.
3= Clusters of Ca(OH)2 filling >50% of the 
volume.
 ,VWKPXVFRPSOHWHO\¿OOHGZLWK&D2+2.
The Shapiro-Wilk test was used to assess data 
normality. The mean volume of Ca(OH)2 per third 
before removal had a normal distribution and data 
were compared with one way-ANOVA and Tukey 
HSD tests. Kruskal-Wallis one way-ANOVA test was 
used to compare the mean percentage volume of 
Ca(OH)2 remaining after the different irrigation WHFKQLTXHV 7KH VSHFL¿F SDWWHUQ RI GLIIHUHQFHV
between the interaction root canal thirds and 
irrigation techniques was demonstrated by Tukey’s 
+6'SDLUZLVHWHVWV7KHOHYHORIVLJQL¿FDQFHZDV
VHWDWĮ7KH.DSSDFRHI¿FLHQWZDVXVHGWR
determine the interobserver reproducibility for 
the removal of Ca(OH)2 from the isthmus area. 
Statistical analysis was performed using SigmaPlot 
13.0 (Systat, San Jose, California, USA).
RESULTS
The mean Ca(OH)2 volume before removal was 
9.21±2.19, 9.69±2.34, and 10.83±2.50 mm3 for 
SNI, PIPS, and PUI respectively. The mean volume 
of Ca(OH)2EHIRUHUHPRYDOZDVVLJQL¿FDQWO\KLJKHU
in the coronal third than in the middle and apical 
third, and the middle was higher than the apical 
third (p<0.001).
The volume of Ca(OH)2 remaining in the mesial 
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roots of Weine Type II mandibular molars was 
VLJQL¿FDQWO\ GLIIHUHQW IRU WKH VWXGLHG LUULJDWLRQ
techniques (p<0.0001) (Figure 1). PUI (median 
8.33%) and SNI (median 4.78%) showed the 
highest amounts of remaining Ca(OH)2 when 
compared with PIPS (median 0.00%), which 
showed the lowest (p<0.01). None of the specimens 
in the PUI group were completely free of Ca(OH)2, 
with the apical third showing the highest percentage 
of remaining Ca(OH)2 (median 100%). SNI 
Coronal Middle Apical
PIPS 0% (0%, 0%)aA 0% (0%, 0%)aA 0% (0%, 0%)aA
PUI 0% (0%, 0%)aA 0.50% (0%, 5.82%)aA 100% (85%, 100%)bB
SNI 0.073% (0%, 0.416%)aA 1.7% (0.8%, 4.5%)aA 47% (16%, 72%)aB
Lowercase superscript letters indicate homogeneous subsets between canal thirds
Uppercase superscript letters indicate homogeneous subsets between methods
Table 1- Median (interquartile range) percentage of remaining Ca(OH)2 after irrigation with different techniques for canal 
thirds
Figure 1-7KUHHGLPHQVLRQDOUHFRQVWUXFWLRQVRIPHVLDOURRWVRIPDQGLEXODUPRODUVZLWK:HLQH7\SH,,FDQDOFRQ¿JXUDWLRQV
illustrating remaining Ca(OH)2 in the different canal thirds (coronal – red; middle – yellow; apical – green) before (A1–C1) 
and after irrigation protocols (A2) PIPS, (B2) PUI, (C2) SNI.
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showed a median of 47% of remaining Ca(OH)2 
in the apical third and no differences between the 
thirds (p>0.05). PIPS showed a median of 0% of 
remaining Ca(OH)2 and no differences between 
the evaluated thirds (p>0.05). The interaction 
between the irrigation methods and the root canal 
thirds showed that all irrigation methods used were 
statistically similar in removing Ca(OH)2 from the 
coronal and middle thirds (Table 1). However, PIPS 
VKRZHGVWDWLVWLFDOO\ VLJQL¿FDQWKLJKHU UHPRYDORI
Ca(OH)2 in the apical third when compared with 
both PUI and SNI (p<0.001).
7KH LQWHUREVHUYHU .DSSD FRHI¿FLHQWZDV 
for the removal of Ca(OH)2 from the isthmus DUHD$VLJQL¿FDQWGLIIHUHQFHZDV IRXQG IRU3,36
(p<0.05) when compared with SNI and PUI, which 
were statistically similar (p>0.05), whereas higher 
scores, which imply more Ca(OH)2 remaining in the 
isthmus area, were found for SNI and PUI (Table 2).
DISCUSSION
In the present study, all specimens were irrigated 
with PIPS prior to the placement of Ca(OH)2. PIPS 
has demonstrated the ability to remove debris 
IURPFRPSOH[DQDWRP\WKURXJKKLJKYHORFLW\ÀXLG
interchange through expanding and collapsing 
cavitational bubbles along the root canal system12,16. 
s A pilot study showed that PIPS irrigation allowed 
for better penetration of the intracanal medicament 
into isthmuses and interconnections between main 
canals for the type of teeth selected for this study.
This is the first qualitative investigation to 
examine remaining Ca(OH)2 in the isthmus area, ZKLFK VKRZHG VLPLODU ¿QGLQJV REVHUYHG IRU WKH
volumes of Ca(OH)2 in the different thirds. The 
highest amount of remaining Ca(OH)2 occurred with 
SNI and PUI. The rationale for such occurrence is 
the surface tension barrier created in the apical part 
RIWKHFDQDOWKDWGRHVQRWDOORZDGHTXDWHÀRZLQWR
these complex non-separated areas18.
Irrigation with the recently marketed PUI device 
showed an overall 8.33% of Ca(OH)2 remaining 
in the root canal system, with no removal of 
medicament from the apical third. The isthmus area 
showed clusters of Ca(OH)2¿OOLQJOHVVWKDQRI
the volume. We believe this is due to the inability of 
the EndoUltra tip to reach beyond the buccal-lingual 
curvature in spite of the 25/.06 apical enlargement. 
The tips of the EndoUltra activator are a smooth 
15/.02 wire, claimed by the manufacturer to be 
constructed from nickel-titanium. Manufacturer’s 
instructions recommend tip placement at 2 mm 
from the canal terminus. In our study, the tip was 
placed in the canal as far apically as achievable 
without binding to move freely and improve the 
LUULJDQW ÀRZ G\QDPLFV LQ WKH DSLFDO WKLUG RI WKH
root canal system137KLVLVWKH¿UVWLQYHVWLJDWLRQ
of the effectiveness of EndoUltra as an adjunct 
to irrigation in the literature. EndoUltra did not 
DSSHDUWRKDYHVXI¿FLHQWHQHUJ\WRJHQHUDWHWKH
acoustic streaming and hydrodynamic shear stress 
propagation to eliminate Ca(OH)2 from the apical 
third. This is in contrast to other PUI with EndoUltra 
irrigation devices that have shown more effective 
removal of Ca(OH)2 when compared with SNI18,24.
For the SNI group, the tip of the needle was 
placed at a distance 2 mm close to the working 
length without binding. A 30 Ga needle has an 
external diameter of 0.31 mm, which is equivalent 
to the dimensions of a canal prepared to a 25/.06 
at 1.0 mm less than the working length. Fluid 
G\QDPLFVLQVXFKFLUFXPVWDQFHVRQO\DOORZVÀXLG
interchange 0.75 mm from the tip of the needle4 and 
explains the resulting 47% of Ca(OH)2 remaining 
in the apical third.
Unlike SNI and PUI, the PIPS tip remains 
in the access cavity providing, expanding, and 
collapsing cavitational bubbles that progress as 
shear forces along the canal walls12. Our results 
showed no remaining Ca(OH)2 throughout the root 
canal system in mesial roots of mandibular molars 
with Weine Type II canal anatomy and isthmuses. 
Even the most apical area of the root canal, which 
QRUPDOO\LPSRVHVLQFUHDVHGLUULJDWLRQGLI¿FXOWLHV10, 
was free of Ca(OH)27KHLQFUHDVHGDYHUDJHÀXLG
velocity from the middle to apical third may have 
contributed to these results12. Additionally, samples 
tested were Weine Type II canal systems that allow 
ÀXLG LQWHUFKDQJH WR RFFXU LQ D FLUFXODU SDWWHUQ
between the mesio-buccal and mesio-lingual 
FDQDOV 7KH HQKDQFHG ÀXLGPRYHPHQW DQG KLJK
velocity shear stresses could have resulted from 
the inherent canal anatomy, potentiating Ca(OH)2 
removal from the apical third.
Under the conditions of the present study, the 
use of PIPS laser-activated irrigation demonstrated 
consistent removal of Ca(OH)2 from the entire canal 
Groups Scores for Ca(OH)2 removal from the isthmus area
#1 #2 #3 #4
PIPS 9 1 0 0
PUI 2 5 3 0
SNI 2 3 5 0
Table 2- Distribution of scores for the Ca(OH)2 removal from the isthmus area for different irrigation protocols
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system of mandibular molars with Weine Type II 
FDQDOFRQ¿JXUDWLRQV LQFOXGLQJWKHPRVWFRPSOH[
isthmus areas found in the apical half. The new PUI 
and SNI did not consistently remove Ca(OH)2 from WKHFDQDOV\VWHP7KHHI¿FDF\RI3,36LUULJDWLRQLQ
removing Ca(OH)2 from mandibular molars with GLIIHUHQWFDQDOFRQ¿JXUDWLRQVVKRXOGEHLQYHVWLJDWHG
in future studies.
CONCLUSIONS
:LWKLQWKHOLPLWDWLRQVRIWKLVVWXG\RXU¿QGLQJV
suggest that PIPS laser-activation was more 
effective for the removal of Ca(OH)2 from mesial 
roots of mandibular molars with Weine Type II canal 
FRQ¿JXUDWLRQVWKDQ38,ZLWK(QGR8OWUDDQG61,
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